We studied the mechanisms underlying the recovery of motor function of the hand using a bidimensionai xenon-133 inhalation technique to measure regional cerebral blood flow at rest and during the performance of a motor task (test condition). The regional cerebral blood flow patterns under rest and test conditions were compared in normal control and in stroke patients with either a cortico-subcortical or a deep-seated lesion. Functional recovery appears to depend upon cortical reorganization involving both hemispheres, particularly in both parietal regions in the subgroup of patients with cortico-subcortical lesions. (Stroke 1989;20:1079-1084 
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We studied the mechanisms underlying the recovery of motor function of the hand using a bidimensionai xenon-133 inhalation technique to measure regional cerebral blood flow at rest and during the performance of a motor task (test condition). The regional cerebral blood flow patterns under rest and test conditions were compared in normal control and in stroke patients with either a cortico-subcortical or a deep-seated lesion. Functional recovery appears to depend upon cortical reorganization involving both hemispheres, particularly in both parietal regions in the subgroup of patients with cortico-subcortical lesions. (Stroke 1989; 20:1079 -1084 T he activation of some cortical areas during specific functional tests can be inferred from regional cerebral blood flow (rCBF) increases measured during these tests 1 -2 since rCBF, neuronal metabolism, and functional activity are highly correlated. 3 - 4 An increase in rCBF in the contralateral rolandic area has been observed in normal subjects during vigorous hand movements, 2 -4 -7 but the increase has not always been reported as statistically significant during less exhaustive motor activity. 8 -9 Similar studies in hemiparetic patients are rare. 9 -10 In patients with specific defects in language, the study of rCBF changes while performing linguistic tasks has produced useful information in regard to prognosis and recovery mechanisms. 11 -16 In such cases, we have demonstrated functional cortical reorganization. In light of these previous results, we investigated motor function recovery in hemiparetic stroke patients using rCBF measured at rest and during the performance of a motor task in both normal subjects and in patients with corticosubcortical or deep-seated lesions.
Subjects and Methods
The control group consisted of eight normal subjects, five men and three women (seven right handed and one left handed), with a mean age of 42 (range 20-56) years. The other group consisted of 18 patients, 12 men and six women (17 right handed and one left handed), with a mean age of 56 (range 26-70) years. Ten patients had a right and eight a left hemiparesis that resulted in all from an ischemic or hemorrhagic stroke. Upon admission to our department 2-3 weeks after the stroke, all patients had a total loss of motor function in the affected hand and later showed a strength recovery in the hand of at least 0.05 bar as measured with a pear-shaped ball dynamometer. Computed tomography (CT) scans were performed an average of 1 month after the stroke and showed a single hemispheric lesion located most often in the territory of the middle cerebral artery. On the basis of the CT scan data, the patients were separated into two subgroups consisting of 11 with a cortico-subcortical lesion (cerebral cortex and adjacent white matter) and seven with a deep lesion sparing the cortex. rCBF was measured with the bidimensionai xenon-133 inhalation technique 17 ; the detector-holding blocks included 32 head detectors (% in. x3/4 in. Nal-Tl scintillation crystals, 16 per hemisphere) equipped with cylindrical lead collimators. To ensure optimal reproducibility, the detectors were systematically positioned in parallel planes making an 11°a ngle with the orbito-meatal line. The conventional numbering of detectors is presented in Figure 1 . The results were expressed as the initial slope index 18 measured between 30 and 90 seconds after the beginning of xenon-133 washout. The CO 2 concentration of the expired air was recorded by a capnograph, and when it differed from 40 mm Hg, rCBF values were corrected according to the method of Maximilian et al 19 (i.e., 0.75 units/mm Hg). Our normal rCBF values have been published. 20 rCBF was first measured at rest, in semidarkness in a quiet room with the subject relaxed and supine. Twenty minutes later, rCBF was measured again during the test, while the subject compressed a dynamometric pear-shaped ball regularly once everycontrols and the paretic hand for patients. We used no other order of measurements, such as doing the motor test first. In patients, rCBF was measured an average of 8 (range 4-12) weeks after the stroke.
The significance of the differences in rCBF between rest and test conditions for Detectors 1-32 was assessed in each group by a one-factor repeatedmeasures analysis of variance (ANOVA) followed by Fisher's protected least-significant-difference test. When a difference was impossible to compute because a value was missing, we assumed that no change had occurred.
Results
In controls, the mean hemispheric rCBF values did not change during the test ( -1 % on the right, -2% on the left). The result of a repeated-measures Data are mean±SD % of mean hemispheric values. rCBF, regional cerebral blood flow. Location of detectors presented in Figure 1 .
*/7<0.005 by Fisher's protected least-significant-difference test following repeated-measures analysis of variance.
We obtained new data after separating the patients into two subgroups according to the depth of their lesions. In patients with a cortico-subcortical lesion ( Figure 3, Table 3 ), the result of a repeatedmeasures ANOVA was highly significant (F=2.298, p=0.0002), and significant rCBF increases were observed in the rolandic (Detector 7) and parietotemporal (Detectors 11 and 14) areas of the injured hemisphere, as well as in large regions of the noninjured hemisphere (Detectors 27, 28, and 30). In patients with deep-seated lesions ( Figure 4 , Table  4 ), the result of a repeated-measures ANOVA was not significant (^= 0 . 7 4 , / J = 0 . 8 3 8 7 ) , although Fisher's protected least-significant-difference test suggested an rCBF increase in the parietal region (Detector 27) in the noninjured hemisphere (p <0.05). 8 and, more recently, with positron emission tomography. 21 The rCBF increases in the rolandic area in our study were similar to those reported by Halsey et al 8 but lower than those reported by Olesen 5 and Orgogozo et al. 7 However, it must be stressed that the functional task assigned to the patients in one of these studies 5 was more intense than our test and was accompanied by verbal stimulations, and it is well established that rCBF increases markedly during a linguistic task.
-
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- 22 As observed by Olesen, 5 we found no significant activation in the primary sensorimotor area ipsilateral to the active hand. When complex tasks involving a stereognostic recognition of objects were performed, increases of rCBF in the frontal premotor area have been observed in other studies and have been attributed to programmation efforts. 6 ' 7 However, our test was so simple that it probably did not need any programmation effort. It was therefore not surprising that rCBF did not increase in the frontal lobes, but actually decreased through a probable redistribution of blood (the mean hemispheric flows being unchanged).
In our patient group, rCBF increased in not only the hand primary sensorimotor area but also in the parietal regions of both hemispheres. In a study of hemiparetic patients with various degrees of disabilities, Halsey et al 9 did not observe any increase of rCBF in the injured hemisphere during movements of the contralateral hand; however, significant increases were present in the noninjured hemisphere in a region that included the hand motor area and the adjacent parietal region. This latter regional activation in the hemisphere ipsilateral to the paretic hand is in agreement with our observations. The rCBF variations in the injured hemisphere reported by Halsey et al, 9 although higher than in their control subjects, were not significant. However, they used fewer detectors (seven for each hemisphere) than we did, so that it is possible that they missed some local rCBF variations.
Our results show an activation of regions, such as the inferior parietal region in both hemispheres, in hemiparetic patients that was not found in controls. Since up to 40% of the corticospinal fibers constituting the pyramidal tracts originate from the Brodmann parietal areas 3, 1, and 2, 23 these areas are likely to play a role in the motor recovery of Data are mean±SD presented in Figure 1 .
of mean hemispheric value. rCBF, regional cerebral blood flow. Location of detectors patients. Moreover, a small proportion of fibers in the pyramidal tract (anterolateral corticospinal tract) are not included in the decussation and project into the spinal cord at the base of the posterior horn, in the intermediary gray matter and in the central part of the anterior horn. 24 It is tempting to speculate that this minor tract also contributes to motor recovery, which could be related to rCBF increases in the parietal region of the noninjured hemisphere.
The separate analyses of both subgroups of patients according to the depth of their lesions clearly shows that when the lesion was corticosubcortical and had destroyed a variable amount of cortex, the participation of several cortical regions in both hemispheres was necessary to secure motor recovery. In patients with deep-seated lesions, the rCBF increase in the inferior parietal area (Detector 27), although greater than in controls, was not significant. This finding could be related to our small population and/or to our use of statistical methods to take into account multiple comparisons, or it could indicate that deep infarcts prevent cortical activation.
Nevertheless, in patients with cortico-subcortical lesions, cortical structures are necessary for the performance of the motor task. As far as the hand is concerned, motor recovery in these patients cannot be attributed only to subcortical structures, as previously suggested. 25 Experimental data obtained in monkeys agree with our results. Indeed, when cortically controlled functions are studied, the removal of cortical areas induces a long-lasting loss of dexterity. 26 However, we cannot exclude the likelihood that in humans, as in monkeys, the recovery of rough or automatic movements might rely only on subcortical structures. 26 -27 
